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Abstract

centers (Al centers).

and others (OT).

Background: The aim of the study was to analyze the lifetime and culling reasons for boars used in insemination

Methods: The data collected from 355 culled boars from 1998 to 2013 included: age at start of semen collection,
boar herd life, culling reason, daily gain and lean meat content, and number of ejaculates not meeting sales
requirements after dilution. Culling reasons were divided into 7 groups: low semen value (LSV), low or lack of libido
(LL), leg problems (LP), infectious diseases (ID), old age (OA), reduced demand for semen from the given boar (RD),

Results: The most common culling reasons for boars were LSV (23.7%) and RD (22.5%). It was observed that the
lowest daily gains were noted in boars culled due to OA. Boars culled due to OA and RD were maintained in
production for the longest time (over 1000 d), for LSV and ID retention was about 700 d, and due to LL below 400
d. The survival probability was over 0.9 until 1.5 yr, and just over 0.2 until 4 yr. The highest relative frequency was
observed in the 36" and 42" mo of life (over 16%). Hazard risk analysis revealed a more than 10 times higher risk
of culling in the case of LL, ID or OT, in comparison to OA.

Conclusions: The results can be used as a direct point of reference for the identification of emerging problems in
Al boar exploitation and the development of an appropriate culling policy in Al centers.

Keywords: Al centers, Boars, Culling, Exploitation, Management

Background

The reasons for culling of boars demonstrate a close re-
lationship with the efficiency and economic profitability
of operations in commercial herds and Al centers. With
increasing interesting in Al, the most important role
started to play Al centers. It was estimated that already
70% of Polish sows are inseminated and 99% using fresh
semen, and almost 85% of this demand come from Al
centers. An understanding of the reasons for culling is
necessary information for the planning and rational
management of such units. It should be noted that there
are two main forms of boar culling, i.e. unplanned and
planned. Unplanned culling (forced), i.e. culling as a re-
sult of diseases, sudden falls, behavioral problems, and
lameness, clearly adversely affects productivity. In terms
of productivity, Safranski [1] noted that the collection
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and production processes of insemination doses is
dependent on a number of factors. These factors hinder
the long-term accurate estimation of exploitation predis-
positions of boar, and thus this creates uncertainty in
production. On the other hand, planned culling (deci-
sion-making) (old age, poor production results), despite
the initial costs incurred, over the long term appears to
be the most appropriate and cost-effective decision.
Unfortunately, decisions about culling boars from a herd
are still taken reluctantly by owners and are also often
postponed. Only an appropriate culling schedule and
herd replacement program can satisfy the essential
prerequisite for the maintenance of production stability
and repeatability [2].

Boars are very sensitive to abrupt changes which
impair correct semen formation [3]. Preparing detailed
records about culling within a specified time (e.g. annual
balance) allows for the identification of risks to the boar
population, especially in terms of possible diseases,
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disorders, and behavioral problems [4]. It is important
for Al centers to have an active population of boars that
produce appropriate ejaculates with high quality and
quantity parameters [5], which is also connected with
proper preparation of doses [6].

Analysis of culling reasons enables a clear increase in
the production efficiency of Al units. Although it might
seem that in terms of the profitability of pig production all
avenues have already been investigated, research into the
control, improvement and acceleration of time required to
obtain effective production capacity of boars is still valid.
Progress in the production results of modern piggeries
may be supported by Al [7]. The development of Al has
been made possible due to the constant production of
high value semen doses [8]. Smital [9] stated that the
economic effectiveness of Al centers is closely dependent
on the productivity of boars during exploitation, and is
limited in the highest degree by the construction of the
testicles, libido, and physical activity (limb, spine defects).
However, according to the results of previous studies, the
problems of sperm quality are not the only reason for boar
culling [3, 4, 10, 11], and this has necessitated a deeper
analysis of all possible causes.

Given the above consideration, it can be clearly stated
that the choice of boar for Al centers and their accurate
monitoring during exploitation are very important
issues. Once selected, boars should remain within the
active productive population for as long as possible,
compensating costs and generating incomes for Al cen-
ters [4]. Recouperation of the maintenance and exploit-
ation costs of Al boar stations usually occurs after 2—3
yrs of a boar’s life [12]. Only the direct identification of
culling reasons can skillfully define the problems faced
in herds of boars maintained at Al centers. Unfortu-
nately, this subject is still overlooked in global scientific
publications. Most articles focus on an analysis of culling
reasons and lifetime of sows and only some concern
boars, but these mostly relate to those on breeding farms
[3, 4, 10, 11] and not AI boars. Therefore, the aim of our
study was to analyze lifetime and culling reasons for
boars used in Al center.

Methods

Experimental location and animals

The study was carried out between 1998-2013 at the Boar
Exploitation Station in Czestochowa. The study popula-
tion included 355 culled boars, whose histories of exploit-
ation were followed from birth until death. The presented
population was representative in proportion to the most
common breed components used for Al in Poland, such
as: Polish Landrace, Polish Large White, Duroc, Pietrain,
Hampshire, = Duroc x Pietrain, =~ Hampshire x Pietrain,
Duroc x Hampshire. The collected data from 1998 to
2013 included: age at start of semen collection, boar herd
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life, culling reason, daily gain and lean meat content (eval-
uated before purchase of boar), and number of ejaculates
not meeting the requirements of sales after dilution (ejac-
ulates incompatible with requirements). Reasons for cul-
ling were divided into 7 groups: low semen value (LSV),
low or lack of libido (LL), leg problems (LP), infectious
diseases (ID), old age (OA), reduced demand for semen
from the given boar (RD), and others (OT). The whole
population of boars was divided into experimental groups
based on the reason for culling.

Decision process for unplanned and planned culling
were different. The structure of unplanned culling were
simple and based on the first observation of boars by
employees receiving ejaculates. Information were di-
rected to the supervisors and the director, the director
usually took the sole decision about unplanned culling.
In the case of the planned culling decision-making
process was more complex. The long-term replacement
plan was developed and approved by the owner and the
supervisory board. After all, plan was also constantly
being upgraded under the flowing marketing informa-
tion and the demand for a certain product. On this basis
planned culling were made.

Therefore, there were finally 7 groups of culling
reasons (LSV, LL, LP, ID, OA, MU, OT). In subsequent
years the ratios of culling reasons were similar therefore,
the sample period was treated jointly. The overall
characteristics of the study population are presented in
Table 1.

Daily gain and lean meat content

The assessment of daily gain and lean meat content,
before purchase of the boar, was made between d 170
and 210 of life. Daily gains were calculated by dividing
the body weight of young boars (during assessment
time) by the age on the assessment day. The measure-
ments of the animals for the estimation of daily gains
were made using a Mensor WM150P1 electronic scales.
Daily gains were standardized to 180 d using a model
developed for standardization in accordance with the
methodology of Mucha and Rézycki [13], in order to
reduce age differences during assessment. The percent-
age of meat content in carcasses was estimated

Table 1 The overall characteristics of the study population of
boars (n = 355)

Trait Mean SD Min  Max
Age of semen collection entry, d 25974 3351 201 458
Boar herd life, d 83557 5035 21 2350
Daily gain, g 77581 9432 554 1170
Lean meat content, % 61.34 194 55 67
Ejaculates incompatible with requirements, n 336 549 0 37

SD standard deviation, Min minimum, Max maximum
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intravitally on the basis of two backfat thickness (points
P2 and P4) and lion eye height (point P4) measurements.
The measurements were made using a PIGLOG 105
(SFK) ultrasonic device, positioned behind the last rib
(between the thoracic and lumbar vertebrae), 3 cm off
the midline (point P2) and 8 cm off the midline (point
P4). To increase the accuracy of the assessment,
standardization of traits was performed to 110 kg body
weight. The measurement values were inserted into a
specially developed equation [14], which allowed an
estimation of the intravital proportion of meat in the
carcass on the assessment day. The results for meat
content were also standardized to d 180 [13].

Boars performance

Before the start of semen collection, all boars were held
in quarantine, the length of which was approximately
37.24+5.02 d. During quarantine semen was collected
once a wk just to observation only and not for insemin-
ation. Additionally, all boars were exploited in the same
manner, developed and adopted according to the meth-
odology of the Al station. Ejaculates were collected by
masturbation via the manual method using a container
with a filter. The gelatinous fraction was separated. Im-
mediately after collection, the volume of semen was
measured using a scalar cylinder. The concentration of
spermatozoa was evaluated using a SpermaCue device,
Model 12300/0500 (Minitube International, Verona,
USA). Based on the semen volume and spermatozoa
concentration, the total number of spermatozoa in the
ejaculate was calculated. Semen dilution was effected
using the same semen extender. Boars until 10 mon gave
ejaculates once a week, at the age of 10-14 mon this
was three times in two week and from 15 mon twice a
week. The average annual replacement rate was 49.8%.
Ejaculates were classified as normal for further dilution,
when the following requirements were met: color from
gray to milky white, flavor specific, lack of foreign ad-
mixtures, more than 70% of progressive motile sperm
cells, pH 7.0-7.9, morphological abnormality changes to
15% (5% primary, 10% secondary). Insemination doses of
80 mL contained a constant 2.8 x 10° spermatozoa.
Semen was stored at 15 °C for not longer than 48 h.

Housing and feeding

Boars were single-housed and maintained in accordance
with the principles of animal welfare [15]. Each individ-
ual pen area was 8 m*/boar. Boars were kept on a solid
concrete floor, which was covered with straw. The air
temperature in all the boar pens was close to 15 °C (min
12 °C, max 20 °C). Relative humidity was close to 75%
(min 65%, max 85%). The air circulation inside the
building was equal to 0.15 m/s in Winter and 0.20 m/s
in Summer. Preventive care and vaccination was carried
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out regularly in accordance with the methodology of the
unit. The microclimate of the area and ventilation were
controlled by computer. Over the whole study period,
boars were fed the same all-mash mixture, dosed ac-
cording to the recommended nutrition standard for
boars, with permanent access to water (Table 2).

Statistical analysis
The data was analyzed using the STATISTICA (2014)
statistical program. The values in the tables are

Table 2 The nutritional value of 1 kg of compound feed for boars

[tem Value
Dry matter, g 887
Metabolizable energy, MJ 12.5
Crude protein, g 169.63
Fat, g 4198
Crude fiber, g 5958
Lysine, g 9.38
Methionine + cystine, g 6.14
Threonine, g 59
Tryptophan, g 1.8
Valine, g 59
Isoleucine, g 45
Ca g 713
P total, g 56
Na, g 18
Vitamin A, IU 15,000
Vitamin D5, U 2000
Vitamin E, mg 100
Vitamin C, mg 1000
Vitamin K, mg 5
Vitamin By, mg 2
Vitamin B,, mg 7
Vitamin Bg, mg 4
Vitamin By, g 30
Biotin, ug 400
Folic acid, mg 4
Niacin, mg 30
Pantothenic acid, mg 15
Choline, mg 1185
Mn, mg 50
Fe, mg 145
I, mg 1

Zn, mg 100
Cu, mg 20
Co, ug 500
Se, ug 300
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arithmetical means (¥) and standard deviations (SD). A
Chi-squared test was used to examine the significance of
differences for the relative frequency (%) of boars
removed from the removal groups. Other permanent
collected data were checked for normality with the
Kolmogorov-Smirnov (K-S) test with the Lilliefors
correction. In addition, the Brown-Forsythe test (B-F)
determined whether the distributions of the variables
had the same variance. An advanced mixed model using
the GLM procedure was used and an analysis of vari-
ance was conducted for factorial designs to determine
the effect of tested parameters by the culling reason.
The significance of differences was calculated on the
basis of Tukey’s multiple range test. The levels of signifi-
cance of differences were given conventionally: signifi-
cant 0.01<P<0.05 and highly significant P<0.01.
Pearson’s correlation coefficient (r) was calculated
between daily gains, lean meat content and age at start
of semen collection entry, and boar herd life. Survival
analysis was performed using the Cox proportional
hazard model. The time variable was defined as age in
months from birth. The year effect in herd was included
in the analysis. The Cox proportional hazard model
expressed risk during t for the tested independent vari-
able system and was expressed by the equation:

h(t) = heeP™

where: h(t) was the risk at a given time interval, hy the
base risk (the risk obtained if there were no risk factors
in the model), and B; the regression coefficient for the
i-th removal reasons. The hazard ratio (HR) for the situ-
ation when the risk factor X is present versus the situ-
ation when the risk factor X is absent was calculated as:

=1) BiXi
htx=0)

Results

The results of the assessment of the selected parameters
of boar performance, depending on the culling reasons,
are presented in Table 3. The most common culling rea-
sons were LSV, followed closely by RD. Differences
amounting to only 1.2% (P >0.05) were noted between
these reasons. However, of these the two most common
culling reasons demonstrated statistically significant dif-
ferences with other reasons, i.e. LP (P<0.05) and ID,
OA, LL, OT (P<0.01). Boars culled due to LL were
characterized by the highest age at the start of semen
collection. The difference from the youngest age at the
start of semen collection observed for boars culled due
to ID was over half mo (P <0.05). The longest boar herd
life expectancies were noted for boars culled due to OA,
and differences with other groups were statistically
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proven at the level of P<0.01. Boar herd life expectancy
in excess of 1000 d were achieved by boars culled due to
RD. Boars with LSV and ID were held in production for
over 700 d, and the shortest period was noted for boars
with LL, i.e. less than 400 d. It was observed that the
lowest daily gains were noted in boars culled due to OA,
and differences with other reasons were at a level from
53.32 g to 68.14 g (P<0.05), with the exception of RD
(P>0.05). Similar observations have been made for the
lean meat content parameter and differences for OA
were statistically confirmed with LSV, ID and OT (P<
0.05). The highest number of ejaculates incompatible
with sales requirements after dilution were recorded in
boars culled due to ID and the lowest were for LL, RD
and OT boars (all below 3; P <0.01).

The estimated survival probability of boars in the Al
station and the relative frequency of boar removal in
each month are presented in Fig. 1. A survival probabil-
ity for boars of over 0.9 was noted until 1.5 yr. A drastic
drop in the probability was observed to the age of 4 yr,
achieving a value a little over 0.2. From this point, sur-
vival probability gently fell (expired) to 7 yr, when there
was a complete replacement of the herd. The highest
relative frequencies were observed at the 36™ and 42"
month (over 16%). Indicators of relative frequency over
10% were also noted in the 18™ and 30™ mo of life.

Figure 2 shows the percentage of boars culled both
below and above 4 yr, depending on the reason. It was
noted that all boars with LL were culled by 4 yr. Equally
large culling rates by 4 yr were reported for boars with
OT and LP. More than 70% of boars from the ID, LSV
or RD groups were culled by 4 yr. The highest levels of
culling over 4 yr were obtained for the OA group.

The hazard analysis for culled boars depending on the
reason is presented in Table 4. The highest hazard ratios
for culling were achieved for OT, LL and ID. The lowest
hazard ratios (i.e. 3.08 to 4.38) were noted for LSV, RD and
LP. The highest parameter values were observed for LL
and OT, and the lowest negative values occurred for RD.

Table 5 shows correlation coefficients of selected
parameters related to culling reasons. Statistically con-
firmed (P < 0.05) positive correlations between daily gain
and age at the start of semen collection were observed
for boars from OA, ID and LSV groups. The remaining
statistically ~ significant positive correlations were
reported for OA between daily gain and boar herd life
expectancy, and also lean meat content and age of
semen collection entry. Additionally, for LP boars posi-
tive correlations were calculated between lean meat
content and age at the start of semen collection or boar
herd life expectancy (P <0.05). Three negative correla-
tions were found (P < 0.05). Two of these were noted for
boars culled due to LL between daily gains and boar
herd life expectancy, and also lean meat content and
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Table 3 Selected parameters of boar performance by culling reasons (mean + SD)

Item LSV LL LP ID OA RD oT
Proportionate rate, % 237" 938 1490 96° 938 225M 107
Age of semen collection entry, d 259 267 261 251 258 261 259
+37 +31° +32 +29° +48 +27 +31
Boar herd life, d 738 399 695 759 1605 1105 460
+463° +3214 +3818 +415° +433P +309° +276"8
Daily gain, g 786.13 788,55 78391 797.29 729.15 7613 78247
+86.89° +129.72° +107.62° +834° +94.03P +7341 +93.02°
Lean meat content, % 61.62 61.29 6127 61.65 6043 61.25 61.54
+1.82° +232 +1.44 +1.77° +2.2° +195 +2.18°
Ejaculates incompatible with requirements, n 342 1.85 392 579 373 2.54 297
+5.72 +2.76" +558 +8.64° +5.68 +4.66" +374"

LSV low semen value, LL low or lack of libido, LP leg problems, ID infectious diseases, OA old age, RD reduced demand for semen of the given boar, OT others

ab
ABCD _

boar herd life expectancy. The last negative correlations
were observed between lean meat content and age at
start of semen collection for RD boars.

Discussion

The results presented here provide valuable information
on the culling reasons for boars. A proportionate rate of
culling reasons is a useful indicator of the strength of
reasons and helps prioritize the improvement of a herd
[10]. Observed culling of boars due to LSV and LL com-
bined amounted to 33%, which was not as high as in the
results of previous studies, which amounted to 19-25%
[4, 11]. Such discrepancies could be explained by the
higher culling ratio in experimental units and farms
using Al, for which the requirements in this regard are
much greater [10]. Additionally, current capabilities for
the accurate microscopic assessment of ejaculates con-
tribute to changes in the classification of culling reasons
especially semen value [11]. The more precise the
characterization of culling reasons, the more accurate

- in the same row signifies statistically significant differences between reasons of culling, with P < 0.05
in the same row signifies statistically significant differences between reasons of culling, with P <0.01

the analysis of the herd and the problems appearing
therein and also the expected herd life of boars.

The average age at the start of semen collection and
boar herd life approached the results obtained in piggery
farms [4, 11], and was also much longer than in breeding
herds from the early 1990s [10].

In contrast to the study of Koketsu and Sasaki [11],
age at the start of semen collection had an effect on the
reason for culling. Boars culled due to LL were the latest
to begin semen collection. This is probably because the
jump reflex was poorly noticeable, and this consequently
led to a delay in the introduction of boars to ménage
and a later analysis of the reason for culling. Libido is
determined by many factors, including the level of circu-
lating testosterone in the male body [16]. Al stations do
not typically prefer to maintain boars demonstrating low
libido, because it impacts upon operational costs and
therefore such boars are eliminated from an active herd
as soon as possible. Berger and Conley [17] even stated
that boars with low libido and demonstrating a low
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m<4yr

Culling indicator, %

LSV LL LP

Culling reasons

Fig. 2 The percentage of boars culled before and after 4 yr, by culling reasons. LSV- low semen value, LL- low or lack of libido, LP- leg problems,
ID- infection diseases, OA- old age, RD- reduced demand for semen of the given boar, OT- others

24yr

ID OA RD oT

ability of sperm to fertilize are useless for the Al indus-
try, as are diseased animals.

Boars with diagnosed infectious diseases were charac-
terized by the youngest age at start of semen collection.
A longer period of quarantine, acclimatization and isola-
tion before starting semen collection is recommended to
reduce the occurrence of new pathogens and deaths of
animals as a result of infection [18]. In our study, quar-
antine time was unified; therefore, in the case of the ana-
lyzed place, and the age at the start of semen collection
could be extended by a few days without any negative
effect on the remaining culling reasons. Such preventive
action can lead to a reduction in boars culled due to ID.

Herd management in Al stations is significant, espe-
cially health status. Health reasons for boar culling
include not only infectious diseases but also limb prob-
lems or unexpected falls. The health status of boars is a
complex factor and results not only from veterinary care
but also nutrition, management, exploitation, mainten-
ance conditions or individual characteristics [19]. During
culling analysis it is reasonable to separate the major de-
terminants of health, ie. infectious diseases and limb
problems. The high levels of culling due to LP in our
study remained close to results from a study conducted

Table 4 Hazard analysis for culled boars depending on the reason

[tem  Parameters Standard error Hazard ratio  Confidence interval
LSV 0.031 0.112 3.08 1.86; 5.01

LL 1.063 0.143 1047 545; 20.1

LP 0.191 0.131 438 249;7.72

D 1.002 0.157 1042 5.79; 1875

OA 0 0 -

RD -0575 0.113 3.29 2.01;538

oT 1.055 0.156 16.81 9.51; 29.73

LSV low semen value, LL low or lack of libido, LP leg problems, ID infectious
diseases, OA old age, RD reduced demand for semen of the given boar, OT others

by D’Allaire and Leman [10], although other authors
have noted both higher [3] and lower values [4, 11].
Regardless of the research, herd life expectancy of boars
was similar. Important for the diagnosis of locomotor
problems in boars is rapid preventive and curative
action, because these disorders are classified as being
painful for animals [15].

Due to the use of pigs for high quality pork, particular
importance during production parameter analysis should
be placed on daily gains and lean meat content [20]. It
was observed in our study that boars with higher daily
gains and lean meat content had a greater predisposition
to infectious diseases. On the other hand, boars culled
due to OA were characterized by the lowest daily gains
and lean meat content. It can be concluded, therefore,
that improvement of AI boars in terms of daily gains
and lean meat content is justified only to a certain point.
Our earlier (unpublished) results have shown that differ-
ences between semen parameters for boars with daily
gains 700-750 g and 750—800 g are almost the same, are
differences between lean meat content. Such precise
analyses help us to conclude, that selection of Al boars
with lower daily gains allows for longer boar herd life ex-
pectancy and culling herds with greater size due to old
age. Wolf [21] stated that production traits (daily gains
and lean meat content) have a negligible impact on
semen characteristics, but play an important role in boar
exploitation, which is especially important for Al
centers. Confirmation of this thesis may be presented in
our study in the form of the statistically confirmed
correlations for exploitation parameters between daily
gain and lean meat content. Inheritance of important
production traits is essential, particularly in AL

A significant emphasis is placed on the impact of sires on
offspring in all currently existing insemination programs,
where an extremely large number of offspring are obtained
from each sire [22]. The importance of the proper and
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Table 5 Correlation coefficients for selected parameters by culling reasons

ltem LSV LL LP D OA RD oT
Daily gain/age of semen collection entry 0.26* -0.07 0.09 0.21* 0.32* -0.16 0.14
Daily gain/boar herd life 0.12 —-044* 0.03 0.05 0.28* 0.08 -0.01
Lean meat content/age of semen collection entry 0.08 0.17 0.34* -0.14 0.23* —0.34* -0.11
Lean meat content/boar herd life 0.16 -0.49* 0.31* 0.18 0.05 0.01 0.13

LSV low semen value, LL low or lack of libido, LP leg problems, ID infectious diseases, OA old age, RD reduced demand for semen of the given boar, OT others

* — correlation statistically significant, with P <0.05

efficient functioning of Al stations can be seen in the sale
of insemination portions consistent with the expectations
of customers [23]. Therefore, great emphasis should be
placed on the selection of a boar to achieve profitability of
purchase. The identification of the market factor (RD) as
one of the main culling reasons clearly shows that artificial
insemination has become so popular, and competition in
the market so large that in order to maintain the stability of
a company adaption to customer requirements and market
flexibility is required. As presented in the results, the culling
of boars for reasons including market factors (reduced de-
mand) represents an important element in a reasonable
culling policy for Al boars and was ranked second. Previous
studies on culling boars did not characterize this factor
alone and the factor was probably included in the “other
reasons” category. Most recent work in this area seems to
indicate a higher proportion of culling for “other reasons”
(c. 20%) [4, 11] in comparison with our results. Selection of
boars is mainly based on the selected parameters of growth
and carcass traits, with minimal emphasis on production
traits [5]. However, Al stations should not be limited only
to selection of boars due to the best production traits for
pig producers, but must also take into account factors that
affect the individuals’ performance, ie. the construction,
temperament, quantity and quality of ejaculate [24]. A com-
pany operating on the market and focused on profitability
has to meet the needs of customers. The constantly grow-
ing popularity of Al contributes to problems with fulfilling
needs in terms of the appropriate quality of insemination
portions [25]. The best solution is, therefore, to agree upon
a compromise choice. If there is excessive pressure to
choose traits favoring the Al stations, then market traits
may be overlooked. A lack of demand for the offered
insemination portions from a specific boar means its main-
tenance is unjustified. Culling for economic reasons may
also take place in the case of new boars of the same
genotype which are characterized by much better produc-
tion parameters from their predecessors. In such a situation
a decrease in demand for insemination portions from
predecessor may be observed and this raises questions con-
cerning its further use or culling, because the economy
affects the company’s balance sheet. Production farms are
located in a particular economic environment, thus
economic culling reasons should be taken into account in

research. Hence, it was fully justified for our study to deter-
mine the reduced demand for semen of a boar to be a rea-
son which closely affects the survival analysis of the herd.
Survival analysis is the recommended method for the
study of boar stayability in herds [26]. Our results are
similar to those in Segura-Correa et al. [4] but were only
observed in farm A. Other farms in the study by these
authors were characterized by much lower survival
probability. On the other hand, in research conducted
by Koketsu and Sasaki [11] a survival function with a
similar shape was shown, although with increasing age
the survival probability was higher in our study. How-
ever, boar herd life expectancy in high-performing herds
and in our Al centre ended after 78 mon (6.5 yr). It is
believed that culling boars from a high production herd
should take place no later than the age of 6 yr. Never-
theless, it is suggested that culling of boars with low
semen values and andrology-fertility indicators signifi-
cantly below expectations should occur as soon as
possible [5]. Culling in the AI center fits the shape of
the survival curve. A higher share of culling due to old
age proves the probity of the decisions concerning
choosing boar and proper management in the unit. The
critical point in the economic viability of boars exploit-
ation is the age of 2-3 yrs [12], which in the case of our
own research has been confirmed by relative frequency.
Additionally, a detailed distribution of culling reasons
both before and above 4 yr has been presented to
characterize the problems concerning the direct
contribution of boars to Al centre profitability.
Analyzing the above-mentioned distribution, the best
solution would be quick culling of diseased boars, and
those with reduced libido and low sperm quality. How-
ever, sometimes individuals suffer from infectious
diseases or limb problems in later years, because the dis-
ease can appear in all ages and is a time-independent
parameter. In the same regard, low semen quality should
be considered, because despite the development of boars
producing semen with more favorable traits [24, 27], this
problem can also still affect boars with a long history of
exploitation and at an advanced productive age. The
most unpredictable culling reason for boars to be noted
from the graph is the market factor (RD), because re-
duced customer demand for specific semen may result
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from the appearance of better individuals or arising
trends and fashions in pig production.

The hazard function focuses on the occurrence of an
event and reflects the instantaneous potential at the time
of the event. An important feature of the hazard func-
tion is the reference to a specific time [28]. In our study,
the hazard risk ratio described the occurrence of boar
culling in comparison with the culling of a boar due to
its age. A hazard risk higher than 1 indicates an in-
creased risk of culling boars from the active herd in
comparison with culling due to age. A hazard risk ratio
below 1 indicates a lower risk of culling. Therefore, one
can see that there was a more than 10-fold increased
risk of boar culling in the case of LL, ID or OT com-
pared to OA. This indicates the significance of these
factors in shaping the overall predictability of possible
problems in a herd of boars.

Conclusions

An understanding of culling reasons contributes to the
ability to identify problems relating to Al center func-
tioning. The results of the above study may be used as a
direct point to develop appropriate strategies for boar
culling in AI centers. An effective program of culling
affects the economic viability of centers. A too frequent
exchange of individuals and a large share of young boars
negatively affects the cost of production and the health
status of the herd. A large share of culling due to age,
and a low rate in the case of diseases, hormonal disor-
ders and quality of sperm provide a good selection of
material production and careful management of the unit.
An example of good practice is also the separate classifi-
cation of economic reasons for culling (e.g. reduced
demand for semen of the boar), because these reflect the
changing preference of customers and the relevancy of
products offered on the market. Each decision about
boar culling, regardless of the reason, is difficult but
necessary. However, if made at the right time and based
on relevant observations, such decisions enable the pres-
ervation of the liquidity and profitability of AI centers.

Abbreviations

Al: Artificial insemination; GLM: General linear model; HR: Hazard ratio;

ID: Infectious diseases; LL: Low or lack of libido; LP: Leg problems; LSV: Low
semen value; OA: Old age; OT: Others; RD: Reduced demand; SD: Standard
deviation

Acknowledgements

The authors wish to thank Franciszek Wisniowski, Director of the Boar
Exploitation Station in Czestochowa, Matopolska Biotechnology Center for
the possibility to conduct research and Karl Bernhardt for revising the
English version of the manuscript.

Funding
This experiment and article preparation were financed by Wroclaw University
of Environmental and Life Sciences, statutory project no. 2014.

Page 8 of 9

Availability of data and materials
Please contact authors for data requests.

Authors’ contributions

DK design of the study and methodology, preparation of manuscript,
obtaining results, coordination of research group; AJ-M preparation of manu-
script, participating in obtaining results, design of discussion; KD statistical
analysis, presentation of results and conclusions, supervision of manuscript
submission. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval

Il Local Ethical Committee for Experiments on Animals at the University of
Environmental and Life Sciences decided that this project was not subject to
Committee action.

Received: 25 October 2016 Accepted: 11 May 2017
Published online: 01 June 2017

References

1. Safranski TJ. Genetic selection of boars. Theriogenology. 2008;70:1310-6.

2. de Jong E, Appeltant R, Cools A, Beek J, Boyen F, Chiers K et al.
Slaughterhouse examination of culled sows in commercial pig herds. Livest
Sci. 2014;167:362-9.

3. Acosta MJ, Rueda M. A note on causes of boar removal in Cuban pig farms.
Livest Res Rural Dev. 2009;21(52):1-5.

4. Segura-Correa JC, Alzina-Lopez A, Santos Ricalde R. Stayability in the herd
and culling causes of boars in four pig farms of Yucatan, Mexico. Trop
Subtrop Agroecosystems. 2010;12:411-6.

5. Robinson JAB, Buhr MM. Impact of genetic selection on management of
boar replacement. Theriogenology. 2005;63:668-78.

6. Goldberg AMG, Argenti LE, Faccin JE, Linck L, Santi M, Lourdes Bernardi M,
et al. Risk factors for bacterial contamination during boar semen collection.
Res Vet Sci. 2013;95:362—-7.

7. Duzinski K, Knecht D, Srodon S. The use of oxytocin in liquid semen doses
to reduce seasonal fluctuations in the reproductive performance of sows
and improve litter parameters — a 2-year study. Theriogenology.
2014,81:780-86.

8. Knecht D, Jasek S, Procak A, Krzyzewski P. Efficiency of inseminating sows
with pure breed and crossbreed boars. Med Wet. 2004;60:1208-11.

9. Smital J. Effects influencing boar semen. Anim Reprod Sci. 2009;110:335-46.

10. D'Allaire S, Leman AD. Boar culling patterns in swine breeding herds in
Minnesota. Canadian Vet J. 1990;31:581-3.

11. Koketsu Y, Sasaki Y. Boar culling and mortality in commercial swine
breeding herds. Theriogenology. 2009;71:1186-91.

12. Vinent-Duany NJ, Parra C, Sagaré-Zamora F, Garzén-Gomez V. Estudio de
desecho de verracos en el centro genetic porcino. . 2007. Consulted March
31, 2009 URL: http//www.ilustrados.com/publicaciones/
EEZZVEAAVZIANFBfrv.php.

13, Mucha A, Rézycki M. Standaryzacja cech okredlajacych miesno$¢ tusz w
ocenie przyzyciowej swif. Rocz Nauk Zoot. 2005;32:45-50.

14.  Szyndler-Nedza M, Rézycki M. Opracowanie réwnan regresji do
przyzyciowego szacowania procentowej zawartosci miesa w tuszy knurow.
Rocz Nauk Zoot. 2005;32:51-60.

15. Ordinance of the Minister of Agriculture and Rural Development.
Requirements and how to proceed while maintaining livestock species for
which protection standards are provisions of the European Union. 2010.
http://isap.sejm.gov.pl/DetailsServlet?id=WDU20100560344. Accessed 15 Feb
2010.

16.  Okere C, Joseph A, Ezekwe M. Seasonal and genotype variations in libido,
semen production and quality in artificial insemination boars. J Anim Vet
Adv. 2005;4:885-8.

17. Berger T, Conley AJ. Reducing endogenous estrogen during prepuberal life
does not affect boar libido or sperm fertilizing potential. Theriogenology.
2014;82:627-35.


http://isap.sejm.gov.pl/DetailsServlet?id=WDU20100560344

Knecht et al. Journal of Animal Science and Biotechnology (2017) 8:49

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dee S, Joo H, Pijoan C. Controlling the spread of PRRS virus in the breeding
herd through management of the gilt pool. J Swine Healt Prod. 1995;3:64-9.
Anil SS, Anil L, Deen J. Evaluation of pattern of removal and associations
among culling because of lameness and sow productivity traits in swine
breeding herds. J Am Vet Med Assoc. 2005;226:956-61.

Knecht D, Jankowska-Makosa A, Duziriski K. Does the activity of producer
group organizations improve the production of pigs? Ann Anim Sci.
2015;15:759-74.

Wolf J. Genetic correlations between production and semen traits in pig.
Animal. 2009;3:1094-9.

Knecht D, Srodon S, Szulc K, Duzifiski K. The effect of photoperiod on
selected parameters of boar semen. Livest Sci. 2013;157:364-71.

Knecht D, Srodon S, Duzirski K. The influence of boar breed and season on
semen parameters. S Afr J Anim Sci. 2014;44:1-9.

Wolf J, Smital J. Quantification of factors affecting semen traits in artificial

insemination boars from animal model analyses. J Anim Sci. 2009,87:1620-7.

Knecht D, Srodon S, Duziriski K. Does a boar's season of birth determine
semen parameters and reproductive performance? Reprod Domest Anim.
2014;49:183-90.

Yazdi MH, Rydhmer L, Ringmar-Cederberg E, Lundeheim N, Johansson K.
Genetic study of longetivity in Swedish landrace sows. Livest Prod Sci.
2000;63:255-64.

Kondracki S, Banaszewska D, Wysokiriska A, Radomyska M. Effect of age on
semen traits of Duroc breed used in insemination. Anim Sci Pap Rep.
2004,22:281-8.

Hoge MD, Bates RO. Developmental factors that influence sow longevity. J
Anim Sci. 2011;89:1238-45.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Experimental location and animals
	Daily gain and lean meat content
	Boars performance
	Housing and feeding
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval
	References

